The harmful side effects of 11 pesticides, 5 acaricides, and 10 fungicides on nymphs and adults of the predatory mirid bug Pilophorus typicus Distant (Heteroptera: Miridae) were determined by dipping them into solutions of each chemical. Two insect growth regulators (IGRs), buprofezin and cyromazine, were not harmful to nymphal survival of P. typicus on the fifth day. Flufenoxuron, lufenuron, and novaluron (also IGRs) were seriously harmful to nymphal survival of P. typicus on the fifth day. IGRs that were deleterious to nymphal survival were probably harmful because they regulated molting. Three insecticides, buprofezin, cyromazine, and pyridalyl; one acaricide, bifenazate; and four fungicides, boscalid, captan, iprodione, and triadimefon, were found to be inert pesticides for nymphs and adults of P. typicus.
INTRODUCTION
The family Miridae (Heteroptera) was traditionally considered to comprise insects of phytophagous species, including several agricultural pests; however, this family has recently been recognized as including phytophagous as well as zoophytophagous species (Dolling, 1991; Naranjo and Gibson, 1996; Coll and Ruberson, 1998; Fauvel, 1999) . Zoophytophagous mirid is known as an economically important biological control agent in greenhouse cultivation, as practiced in areas such as Europe (Schaefer and Panizzi, 2000; Wheeler, 2001) . For example, Macrolophus caliginosus Wagner (Heteroptera: Miridae) and M. pygmaeus (Rambur) are considered to be beneficial biological control agents against whiteflies and aphids in tomato greenhouses (Perdikis et al., 1999; Perdikis and Lykouressis, 2000) . Some insects belonging to the genera Dicyphus and Nesidiocoris (Miridae) have also been recognized as potential biological control agents of vegetable pests (Quaglia et al., 1993; Torreno, 1994; Alomar and Albajes, 1996; Tavella et al., 1997; Ceglarska, 1999; McGregor et al., 1999 McGregor et al., , 2000 Carnero et al., 2000; Carvalho and Mexia, 2000) .
Pilophorus typicus Distant (Heteroptera: Miridae) is usually found on the leaves of vegetables, such as cucumber and eggplant, in Japan (Yasunaga, 2001 ). The particular food habitat of P. typicus was first confirmed on eggplants in the fields of Kochi Prefecture, Japan, in 2005. At that time, P. typicus preyed upon a sweet potato whitefly, Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) (H. Nishikawa, unpublished data). For this reason, the food habitat of P. typicus was observed in pepper and eggplant greenhouses of Kochi Prefecture. On the basis of this observation, P. typicus was considered a prospective biological control agent of B. tabaci on pepper and eggplant in greenSide effects of vegetable pesticides on a predatory mirid bug, Pilophorus typicus Distant (Heteroptera: Miridae) houses (H. Nishikawa, unpublished data).
The application of pesticides against greenhouse pests and diseases occasionally causes harmful side effects related to the survival of P. typicus. Thus, the study of pesticide application is important to establish an economical integrated pest management (IPM) program on vegetables, such as pepper and eggplant. The systemic toxicity of four neonicotinoid insecticides, acetamiprid, imidacloprid, nitempyram, and thiamethoxam granules, was harmful to the survival of P. typicus (Nakahira et al. unpublished) . Organophosphorus, carbamate, and pyrethroid insecticides are generally harmful to the survival of insects. In this study, the side effects of vegetable pesticides, excluding neonicotinoid, organophosphorus, carbamate, and pyrethroid insecticides, on the survival of the adult and nymph forms of P. typicus were investigated in the laboratory.
MATERIALS AND METHODS
Insect culture. P. typicus nymphs and adults were collected from eggplants infested with B. tabaci in Kochi Prefecture, Japan. These P. typicus nymphs were reared with defrosted Mediterranean flour moth Ephestia kuehniella Zeller eggs and Kalanchoe blossfeldiana Poelln (Saxifragales: Crassulaceae) branches and leaves in containers (22ϫ15ϫ8 cm). Old moth eggs were removed, and new eggs placed every three days. Kalanchoe branches and leaves were also replaced every three days. As the adult female of P. typicus inserted her eggs into the kalanchoe, the old kalanchoe with laid eggs was removed and maintained in another container to rear a new generation of P. typicus. The new generation was also reared with moth eggs and kalanchoe. The culture of P. typicus was continued over 15 generations under a light regimen of 16L8D at 25°C.
Experiment. Eggs of P. typicus in K. blossfeldiana were transferred from the culture to new Petri dishes (height, 5 cm; diam., 9 cm). Hatching of P. typicus was observed daily to obtain the first instar nymph within 24 h from hatching. First instar nymphs and adults obtained within nine days of emergence were used for experiments. Ten of the nymphs or adults were placed in a 1 ml tube, which was open at both ends and covered with fine mesh, and then dipped into each pesticide solution or the control solution for 5 s. The complete list of pesticide solutions tested is shown in Table 1 . Spreader solutions (polyoxyethylene nonylphenyl ether at a concentration of 40 ppm and polynaphtylmethane sulfonic acid sodium salt at a concentration of 12 ppm) were used to dilute the pesticides and as a control. After dipping treatment, the 10 mirids were transferred, using a fine brush that had been dipped in the same pesticide or control, into a Petri dish (height, 5 cm; diam., 9 cm) with a hole in the lid (diam., 3.5 cm) covered with fine mesh, and were placed on a kalanchoe leaf that had been dipped for 5 s in the same pesticide or control. The mirids were dried under 16L8D at 25°C and over 70% RH, and were reared with defrosted E. kuehniella eggs under the same conditions. Deaths 240 K. NAKAHIRA et al. of mirid nymphs and adults were observed on the first, third, and fifth days. Tube dipping was replicated three times for each nymph and adult in each pesticide.
We calculated the mortality of nymphs and adults from our observations and analyzed the data between nymphs and adults in each pesticide for significance (pϽ0.05) with Fisher's exact test using SPSS version 17.0 software (SPSS Inc., 2008) . To investigate the harmfulness of each pesticide, mortality was corrected using Abbott's formula (1925) based on the control treatment. Harmfulness was assessed on the fifth day in the laboratory based on the criteria of Sterk et al. (1999) and was as follows: not harmful, mortality (M) Ͻ30%; slightly harmful, MՆ30%-Ͻ80%; moderately harmful, MՆ80%-Ͻ99%; and seriously harmful, MՆ99%.
RESULTS
The mortality of first instar P. typicus nymphs was statistically higher than that of adult P. typicus on the fifth day after treatment with four insecticides: flufenoxuron, lufenuron, novaluron, and pyridalyl (pϽ0.05; Table 2 ). Mortality was not significantly different between first instar nymphs and adults of P. typicus among the other seven insecticides (pϾ0.05). Two insect growth regulators (IGRs), buprofezin and cyromazine, were not harmful to nymphs and adults, but three IGRs, flufenoxuron, lufenuron, and novaluron, were seriously harmful to the nymphs on the fifth day. Three and six insecticides were not harmful to nymphs and adults, respectively. Three insecticides, buprofezin, cyromazine, and pyridalyl, were not harmful to either nymphs or adults of P. typicus.
The mortality of first instar P. typicus nymphs was significantly higher than that of adult P. typicus on the fifth day after treatment with two acaricides, milbemectin and quinoxaline ( pϽ0.05; Table 3 ). Mortality was not significantly different between first instar nymphs and adults of P. typicus for the other three acaricides (pϾ0.05). One and three acaricides were not harmful to nymphs and adult, respectively. One acaricide, bifenazate, was not harmful to either nymphs or adults of P. typicus.
The mortality of first instar P. typicus nymphs was significantly higher than that of adult P. typicus on the fifth day after treatment with six fungicides: chlorothalonil, DBEDC, polyoxins, procymidone, triadimefon, and triflumizole (pϽ0.05; Table 1 . 30 mirids were tested for each pesticide. b Means of control mortality on each treated date were in the following ranges for nymphs: 1 day, 13.3-20.0%; 3 days, 16.7-33.3%; 5 days, 20.0-43.3%, and were the following values or ranges for adults: 1 day, 6.7%; 3 days, 10.0-20.0%; 5 days 16.7-30.0%. c Toxicity was categorized based on corrected mortality on the fifth day as follows: Ϫ, not harmful; Ϯ, slightly harmful; ϩ, moderately harmful; ϩϩ, seriously harmful.
triadimefon were not harmful fungicides to either nymphs or adults of P. typicus.
DISSCUSSION
Three insecticides, buprofezin, cyromazine, and pyridalyl; and one acaricide, bifenazate; and four fungicides, boscalid, captan, iprodione, and triadimefon, were found to be inert pesticides for nymphs and adults of P. typicus (Tables 2 and 3) ; however, non-lethal harmful effects, such as decreased longevity and oviposition, should be investigated in buprofezine and cyromazine because some IGRs can be harmful to the longevity and oviposition of predatory natural enemies (Desneux et al., 2007) . The mortality of first instar P. typicus nymphs was significantly higher than that of adult P. typicus with 12 pesticides (Tables 2 and 3 ). This result indicated that nymphs of P. typicus were more sensitive to these pesticides than adult P. typicus.
In the case of P. typicus fed on defrosted E. kuehniella eggs, the developmental period of first instar was four days (unpublished data). In this study, three IGRs were seriously harmful to the nymphs on the fifth day ( Table 2 ). The three IGRs that were harmful to the nymphal survival likely achieved their effectiveness by regulating the molting process, because nymphal mortality increased 66.7-80.0% from the third to fifth day (Table 2) . In this study, an IGR, lufenuron, was seriously harmful to nymphs of P. typicus, although lufenuron was not harmful to mirid D. tamaninii nymphs (Castan et al., 1996) . The difference in lufenuron toxicity between P. typicus and D. tamaninii nymphs, as reported by Castan et al. (1996) , may indicate a difference in sensitivity to lufenuron between the two species. The difference in sensitivity to endosulfan between two mirids, D. tamaninii and M. caliginosus nymphs, was already reported by Figuls et al. (1999) .
In the present study, we investigated the side effects of 26 pesticides on the nymphs and adults of P. typicus; as a result, eight pesticides were not harmful to either nymphs or adults of P. typicus, including four insecticides, one acaricide, and three fungicides. Eight pesticides will be useful to establish the IPM with P. typicus, although the side ef-242 K. NAKAHIRA et al. fects should be practically investigated against P. typicus in pepper and eggplant greenhouses.
